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IRREVERSIBLE NON-STEROIDAL 
ANTAGONIST COMPOUND AND ITS USE IN 
THE TREATMENT OF PROSTATE CANCER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a Continuation of US. patent appli 
cation Ser. No. 10/298,229, ?led Nov. 18, 2002, now US. 
Pat. No. 7,041,844 Which is a Continuation of US. patent 
application Ser. No. 09/510,108, ?led Feb. 22, 2000, now 
US. Pat. No. 6,482,861, Which is a Continuation of US. 
patent application Ser. No. 08/978,511, ?led Nov. 25, 1997, 
now US. Pat. No. 6,071,957, claiming the bene?t of US. 
Provisional Patent Application Ser. No. 60/031,861, ?led 
Nov. 27, 1996, Which is hereby incorporated by reference. 

FIELD OF THE INVENTION 

The present invention relates to non-steroidal antagonist 
compounds and their use in treatment of prostate cancer. 
More particularly, the present invention relates to an irre 
versible non-steroidal antiandrogen and its use in treating 
prostate cancer. 

BACKGROUND OF THE INVENTION 

Prostate cancer is the most common cancer in men With 

an estimated 244,000 cases in 1995 in the United States. It 
is the second leading cause among men Who die from 
neoplasia With an estimated 44,000 deaths per year. Prompt 
detection and treatment is needed to limit mortality caused 
by prostate cancer. 
As described in W. J. Catalona, “Management of Cancer 

of the Prostate,” NeW Engl. J. Med. 331(15):996*1004 
(1994) (Which is hereby incorporated by reference), the 
management of prostate cancer can be achieved by Watchful 
Waiting, curative treatment, and palliation. For men With a 
life expectancy of less than 10 years, Watchful Waiting is 
appropriate Where loW-grade, loW-stage prostate cancer is 
discovered at the time of a partial prostatectomy for benign 
hyperplasia. Such cancers rarely progress during the ?rst 
?ve years after detection. On the other hand, for younger 
men, curative treatment is often more appropriate. 
Where prostate cancer is localiZed and the patient’s life 

expectancy is 10 years or more, radical prostatectomy offers 
the best chance for eradication of the disease. Historically, 
the drawback of this procedure is that most cancers had 
spread beyond the bounds of the operation by the time they 
Were detected. HoWever, the use of prostate-speci?c antigen 
testing has permitted early detection of prostate cancer. As 
a result, surgery is less expensive With feWer complications. 
Patients With bulky, high-grade tumors are less likely to be 
successfully treated by radical prostatectomy. 

After surgery, if there are detectable serum prostate 
speci?c antigen concentrations, persistent cancer is indi 
cated. In many cases, prostate-speci?c antigen concentra 
tions can be reduced by radiation treatment. HoWever, this 
concentration often increases again Within tWo years. 

Radiation therapy has also been Widely used as an alter 
native to radical prostatectomy. Patients generally treated by 
radiation therapy are those Who are older and less healthy 
and those With higher-grade, more clinically advanced 
tumors. Particularly preferred procedures are extemal-beam 
therapy Which involves three dimensional, conformal radia 
tion therapy Where the ?eld of radiation is designed to 
conform to the volume of tissue treated, and interstitial 
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2 
radiation therapy Where seeds of radioactive compounds are 
implanted using ultrasound guidance. 

Cytotoxic chemotherapy is largely ineffective in treating 
prostate cancer. Its toxicity makes such therapy unsuitable 
for elderly patients. In addition, prostate cancer is relatively 
resistant to cytotoxic agents. 

Androgens are knoWn to stimulate groWth of the prostate 
and other peripheral tissues, including primary or metastatic 
prostate tumor cells. Testosterone (“T”) is the principal 
androgen secreted by the testes and is the primary circulat 
ing androgen found in the plasma of males. The testes 
produce 95% of circulating plasma T, While the remaining 
5% is derived from the adrenals. In many target tissues, T is 
converted by the enZyme 50t-reductase to the more potent 
androgen dihydrotestosterone (“DHT”). T and DHT then 
compete for binding to the androgen receptor (“AR”) to 
exert their in?uence on cell function. DHT has a four- to 
?ve-fold higher AR binding affinity than does T and thus 
serves as the intracellular mediator for most actions of the 
hormone. HoWever, both androgens contribute to the overall 
androgenic effect. The high response rate (i.e., 60 to 80%) to 
?rst line hormonal therapy and the presence of AR in both 
primary and metastatic prostate tumor cells support the idea 
that the AR is an important mediator of prostate cancer 
development and groWth. Denis et al., “Prostatic Cancer: An 
Overview,” Acla. Oncol., 29:665i677 (1990); McConnell, 
“Physiologic Basis of Endocrine Therapy for Prostatic Can 
cer,” Urol. Clin. N. Am., 18(1):1*13 (1991) (Which are 
hereby incorporated by reference) 

Because prostatic carcinomas are androgen dependent, 
various treatment strategies focus on negating the role of 
androgens (i.e., testosterone and dihydrotestosterone) in 
prostate tumor groWth. Labrie, “Endocrine Therapy for 
Prostate Cancer,” Endocrinol. Metab. Clin. N. Am., 20(4): 
8454872 (1991); SoloWay, et al., “Antiandrogenic Agents as 
Monotherapy in Advanced Prostatic,” Cancer, 71(Suppl. 3): 
108341088 (1993) (Which are hereby incorporated by ref 
erence). These treatment strategies include use of luteiniZing 
hormone-releasing hormone (“LHRH”) to suppress testicu 
lar androgen production or orchiectomy (surgical castration) 
to eliminate androgen production. 

In recent years, antiandrogens have been Widely used for 
the treatment of prostate cancer. The biologic activity of 
androgens is mediated through the formation of a non 
covalent androgen receptor-steroid complex. Antiandrogens 
inhibit formation if this complex and, thus, negate the role 
of endogenous steroids in androgen-dependent groWth of the 
prostate. 

Antiandrogens can be divided into tWo groups: steroidal 
and non-steroidal. There are several non-steroidal antian 
drogens such as Flutamide (Eulexin), Nilutamide (Anan 
drone), and Casodex. All of them bind reversibly to the AR. 
Accordingly, these antiandrogens can be displayed by an 
endogenous ligand such as dihydrotestosterone. Therefore, 
these antiandrogens have not been successful in the treat 
ment of prostate cancer. Earlier reports suggested that dihy 
drotestosterone bromoacetate (DHT-BA) binds irreversibly 
to the AR. HoWever, recent evidence shoWed that DHT-BA 
binds aldehyde dehydrogenase, and not the AR. McCammon 
et al., “An Androgenic Af?nity Ligand Covalently Binds to 
Cytosolic Aldehyde Dehydrogenase from Human Genital 
Skin Fibroplast,” Mol. Cell. Endocrinology, 91:177*183 
(1993), Which is hereby incorporated by reference. There 
fore, DHT-BA is not suitable for treating prostate cancer. 
The present invention is directed to overcoming these 

de?ciencies. 
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SUMMARY OF THE INVENTION 

The present invention relates to a method of treating 
prostate cancer in a patient Which includes administering to 
the patient an effective amount of a compound Which binds 
irreversibly to the androgen receptor of the patient. 

Another aspect of the present invention relates to a 
method of treating prostate cancer in a patient Which 
includes administering to the patient an effective amount of 
a compound having the formula: 

R1 

Where 
R1, R2 and R3, are the same or different and are a 

hydrogen, a nitro, a cyano, a carbamoyl, a halogen, a 
per?uoroalkyl, a haloalkylamido, an isothiocyanate, an 
aZide, a diaZocarbonyl substituted oxirane, or a [3-chlo 
roethylamine 

R4 is a hydrogen, an alkyl, or is joined to R5; 
R5 is a hydrogen, a hydroxy, an alkoxy, an acyloxy, an 

amino, an alkylamino, a halogen, or is joined to R4; 
R6 is a hydrogen, an alkyl, or a halogenoalkyl; 
Al and A2 are the same or different, and each is a direct 

link or an alkylene; 

X1 is a halogen, an oxygen, a sulfur, a sulphinyl, a 
sulphonyl, an amino, or a alkylimino, or alkylene; 

R7 is a hydrogen, a halogen, an alkoxy, a haloalkoxy, an 
acyloxy, a haloacyloxy, an aryloxy, a thioalkyl, a thio 
raryl, a sulphinyl, a haloalkyl sulphinyl, a sulphonyl, a 
haloalkylsulphonyl, an amino, an alkylimino, an alky 
lamido group, a haloalkylamido group, an isothiocy 
anate, an aZide, a diaZocarbonyl, a sustituted oxirane, a 
[3-chloroethylamine, or a phenyl optionally substituted 
With halogen, a nitro group, an alkyl, a haloalkyl, a 
cyano, a hydroxyl, a carboxylic group, an amino, an 
alkylamino, an alkylamido group, a haloalkylamido 
group, an isothiocyanate, an aZide, a diaZocarbonyl, a 
substituted oxirane, or a [3-chloroethylamine. The com 
pound binds irreversibly to an androgen receptor of the 
patient. 

The present invention also relates to the compound and to 
a pharmaceutical composition Which includes the compound 
and a pharmaceutically suitable carrier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the chemical structure and AR binding 
af?nities of compounds of the present invention. 

FIG. 2 shoWs the binding af?nities of compounds of the 
present invention. 

FIG. 3 shoWs the irreversible binding of compounds of the 
present invention to AR. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention relates to a method of treating 
prostate cancer in a patient Which includes administering to 
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4 
the patient an effective amount of a compound Which binds 
irreversibly to the androgen receptor of the patient. 
The present invention relates to a method of treating 

prostate cancer in a patient Which includes administering to 
the patient an effective amount of a compound having the 
formula: 

Where 
R1, R2, and R3 are the same or different and are a 

hydrogen, a nitro, a cyano, a carbamoyl, a halogen, a 
per?uoroalkyl, a haloalkylamido, an isothiocyanate, an 
aZide, a diaZocarbonyl, a substituted oxirane, or a 
[3-chloroethylamine; 

R4 is a hydrogen, an alkyl, or is joined to R5; 
R5 is a hydrogen, a hydroxy, an alkoxy, an acyloxy, an 

amino, an alkylamino, halogen, or is joined to R4; 
R6 is a hydrogen, an alkyl, or a halogenoalkyl; 
Al and A2 is the same or different, each is direct link or 

an alkylene; 
X1 is a halogen, an oxygen, a sulfur, a sulphinyl, a 

sulphonyl, an amino, an alkylimino, or an alkylene; 
R7 is a hydrogen, a halogen, an alkoxy, a haloalkoxy, a 

acyloxy, a haloacyloxy, an aryloxy, a thioalkyl, a thio 
raryl, a sulphinyl, a haloalkyl sulphinyl, a sulphonyl, a 
haloalkylsulphonyl, an amino, an alkylimino, an alky 
lamido group, a haloalkylamido group, an isothiocy 
anate, an aZide, a diaZocarbonyl, a substituted oxirane, 
a [3-chloroethylamine, or a phenyl optionally substi 
tuted With a halogen, a nitro group, an alkyl, a 
haloalkyl, a cyano, a hydroxyl, a carboxylic group, an 
amino, an alkylamino, an alkylamido group, a 
haloalkylamido group, an isothiocyanate, an aZide, a 
diaZocarbonyl, a substituted oxirane, or a [3-chloroet 
hylamine. The compound binds irreversibly to an 
androgen receptor of the patient. 

The subject invention is best understood through a dis 
cussion of receptors and signal transduction pathWays. Cells 
in higher animals normally communicate by means of 
hundreds of kinds of extracellular signaling molecules, 
including proteins, small peptides, amino acids, nucleotides, 
steroids, retinoids, fatty acid derivatives, and even dissolved 
gases such as nitric oxide and carbon monoxide. These 
signaling molecules relay a “signal” to another cell (a “target 
cell”), generally affecting a cellular function. As used herein, 
receptors for extracellular signaling molecules are collec 
tively referred to as “cell signaling receptors”. 
Many cell signaling receptors are transmembrane proteins 

on a cell surface; When they bind an extracellular signaling 
molecule (a ligand), they become activated so as to generate 
a cascade of intracellular signals that alter the behavior of 
the cell. In contrast, in some cases, the receptors are inside 
the cell and the signaling ligand has to enter the cell to 
activate them; these signaling molecules therefore must be 
suf?ciently small and hydrophobic to diffuse across the 
plasma membrane of the cell. As used herein, these receptors 
are collectively referred to as “intracellular cell signaling 
receptors”. 
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Steroid hormones are one example of small hydrophobic 
molecules that diffuse directly across the plasma membrane 
of target cells and bind to intracellular cell signaling recep 
tors. These receptors are structurally related and constitute 
the intracellular receptor superfamily (or steroid-hormone 
receptor superfamily). Steroid hormone receptors include 
progesterone receptors, estrogen receptors, androgen recep 
tors, glucocorticoid receptors, and mineralocorticoid recep 
tors. The present invention is particularly directed to andro 
gen receptors. 

In addition to ligand binding to the receptors, the recep 
tors can be blocked to prevent ligand binding. When a 
substance binds to a receptor, the three-dimensional struc 
ture of the substance ?ts into a space created by the 
three-dimensional structure of the receptor in a ball and 
socket con?guration. The better the ball ?ts into the socket, 
the more tightly it is held. This phenomenon is called 
af?nity. If the af?nity of a substance is greater than the 
original hormone, it Will compete With the hormone and bind 
the binding site more frequently. Once bound, signals may 
be sent through the receptor into the cells, causing the cell 
to respond in some fashion. This is called activation. On 
activation, the activated receptor then directly regulates the 
transcription of speci?c genes. But the substance and the 
receptor must have certain attributes, other than af?nity, in 
order to activate the cell. Chemical bonds betWeen atoms of 
the substance and the atoms of the receptors must form. In 
some cases, this leads to a slight change in the con?guration 
of the receptor Which is enough to begin the activation 
process (called signal transduction). As a result, substances 
can be made Which bind receptors and activate them (called 
receptor agonists) or inactivate them (called receptor antago 
nists). 

The present invention is directed to compounds Which are 
antagonists compounds, and are, therefore, useful in block 
ing steroidal hormone receptors. Preferably, the antagonist 
compound of the present invention is an antiandrogen Which 
binds the androgen receptor. More particularly, the present 
invention is a compound Which binds irreversibly to the 
androgen receptor to inhibit formation of a androgen recep 
tor-steroid complex to prevent prostate cancer. In particular, 
the compound of the present invention contains an active 
(i.e. electrophilic) functional group (or a?inity label) that 
alloWs alkylation of the androgen receptor (i.e. alloWs 
covalent bond formation betWeen the receptor and the 
functional group). Thus, the compound binds irreversibly to 
the receptor and, accordingly, cannot be displaced by the 
steroid, because of the chemical strength of the covalent 
interaction, the receptor is rendered permanently nonfunc 
tional. In particular, the compound of the present invention 
irreversibly binds to the androgen receptor preventing dis 
placement of the compound by the endrogenous ligands 
dihydrotestosterone and testosterone. 
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The compounds Which are useful in binding irreversibly 

to the androgen receptor are acylanilides have the formula: 

Wherein 

R1, R2, and R3 are the same or dilTerent, and each is a 
hydrogen, a nitro, a cyano, a carbamoyl, a halogen, a 
per?uoroalkyl, a haloalkylamido, an isothiocyanate, an 
aZide, a diaZocarbonyl, a substituted oxirane, a [3-chlo 
roethylamine, or other de?ned and exempli?ed sub 
stituents; 

R4 is a hydrogen, an alkyl, or is joined to R5; 

R5 is a hydrogen, a hydroxy, an alkoxy, an acyloxy, an 
amino, an alkylamino, a halogen, or is joined to R4; 

R6 is a hydrogen, an alkyl, or a halogenoalkyl; 

Al and A2 are the same or di?ferent, each is direct link or 
alkylene; 

X1 is a halogen, an oxygen, a sulfur, a sulphinyl, a 
sulphonyl, an amino, an alkylimino, or an alkylene; and 

R7 is a hydrogen, a halogen, an alkoxy, a haloalkoxy, an 
acyloxy, a haloacyloxy, an aryloxy, a thioalkyl, a thio 
raryl, a sulphinyl, a haloalkyl sulphinyl, a sulphonyl, a 
haloalkylsulphonyl, an amino, an alkylimino, an alky 
lamido group, a haloalkylamido group, an isothiocy 
anate, an aZide, a diaZocarbonyl, a substituted oxirane, 
a [3-chloroethylamine, or a phenyl optionally substi 
tuted With a halogen, a nitro group, an alkyl, a 
haloalkyl, a cyano, a hydroxyl, a carboxylic group, an 
amino, an alkylamino, an alkylamido group, a 
haloalkylamido group, an isothiocyanate, an aZide, a 
diaZocarbonyl, a substituted oxirane, a [3-chloroethy 
lamine, or other de?ned and exempli?ed substituents. 

Although the compounds of the present invention have 
af?nity labels at either the R7 or R2 position, compounds 
having the af?nity label at other positions may be utiliZed. 

In particular, the compounds shoWn beloW in Table l are 
useful in a method of treating prostate cancer in a patient 
Where the compound binds irreversibly to the androgen 
receptor of the patient. 

TABLE 1 

R-isomers S-isorners 

Compound Compound No. Compound No. 

133C 0 R-l S-l 

* 

SCN N S F 
H 

HO Me 



US 7,129,377 B2 

TABLE l-continued 

S-isorners R-isomers 

Compound No. Compound No. C ompound 

S-2 R- 2 

S-3 R- 3 

NH 

c1:3 

HN 

S-S R- 5 C113 

NH HN Br 

HO Me 

S-6 c1:3 

R- 7 

S-9 

8-10 R-lO 
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TABLE l-continued 

R-isomers S-isomers 
Compound Compound No. Compound No. 

R-2O S-2O F3C O 

># 

NC N 
H 

HO Me 

Where Me is a methyl group. 
Especially desirable compounds useful as antagonist 

compounds for treating prostate cancer have the formula: 

F3C O Q .. TR 

H 
HO Me 

Where Z is NCS or CN, R is F, NH2, NCS, N3, or 
NHCOCHZY, X is S or S02, and Y is a halogen, preferably 
C1 or Br. 

Particularly desirable compounds of the invention are 
Where Z is CN, X is S, and R is either NCS or NHCOCH2, 
C1, or Where Z is CN, X is S02, and R is NCS, or Where Z 
is NCS, X is S02, and R is F. 
As discussed above, the high response rate to ?rst line 

hormonal therapy and the presence of AR in both primary 
and metastatic prostate tumor cells support the idea that AR 
is an important mediator of prostate cancer development and 
groWth. Accordingly, by irreversibly binding the compound 
of the present invention to the AR of a patient, thereby 
blocking formation of the AR-hormone complex, the groWth 
and development of prostate cancer is sloWed or eliminated. 
The present invention, therefore, is directed to a method of 
treating prostate cancer in a patient Where the compound of 
the present invention is administered to the patient in an 
effective amount, Where the compound binds irreversibly to 
the androgen receptor of the patient. 

The compounds herein may be made up in any suitable 
form appropriate for the desired use; e.g., oral, parenteral 
(for example, subcutaneously, intravenously, interamuscu 
larly, intraperitoneally, by intranasal instillation, or by appli 
cation to mucous membranes, such as that of the nose, 
throat, and bronchial tubes, or by instillation into holloW 
organ Walls or neWly vasculariZed blood vessels) or topical 
administration. Suitable dosage forms for oral use include 
tablets, dispersible poWders, granules, capsules, suspen 
sions, syrups, and elixirs. The compounds may be admin 
istered alone or With suitable pharmaceutical diluents or 
carriers. Inert diluents and carriers for tablets include, for 
example, calcium carbonate, sodium carbonate, lactose, and 
talc. Tablets may also contain granulating and disintegrating 
agents such as starch and alginic acid, binding agents such 
as starch, gelatin, and acacia, and lubricating agents such as 
magnesium stearate, stearic acid, and talc. Tablets may be 
uncoated or may be coated by knoWn techniques to delay 
disintegration and absorption. Inert diluents and carriers 
Which may be used in capsules include, for example, cal 
cium carbonate, calcium phosphate, and kaolin. Suspen 
sions, syrups, and elixirs may contain conventional excipi 
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ents, for example, methyl cellulose, tragacanth, sodium 
alginate; Wetting agents, such as lecithin and polyoxyethyl 
ene stearate; and preservatives, e.g., ethyl-p-hydroxyben 
Zoate. 

Dosage forms suitable for parenteral administration 
include solutions, suspensions, dispersions, emulsions, and 
the like. They may also be manufactured in the form of 
sterile solid compositions Which can be dissolved or sus 
pended in sterile inj ectable medium immediately before use. 
They may contain suspending or dispersing agents knoWn in 
the art. 

It Will be appreciated that the actual preferred amount of 
the compound to be administered according to the present 
invention Will vary according to the particular compound, 
the particular composition formulated, and the mode of 
administration. Many factors that may modify the action of 
the inhibitor can be taken into account by those skilled in the 
art; e.g., body Weight, diet, time of administration, route of 
administration, rate of excretion, condition of the subject, 
drug combinations, and reaction sensitivities and severities. 
Administration can be carried out continuously or periodi 
cally Within the maximum tolerated dose. Optimal admin 
istration rates for a given set of conditions can be ascertained 
by those skilled in the art using conventional dosage admin 
istration tests. 
The acylanilides of the invention may be manufactured by 

any chemical process knoWn to be suitable for the manu 
facture of chemically-analogous compounds. Examples of 
suitable chemical processes for manufacturing acylanilides 
are shoWn in Us. Pat. No. 4,636,505 to Tucker, Which is 
hereby incorporated by reference. One preferred process for 
the manufacture of an acylanilide of the invention comprises 
the reaction of an amine of the formula: 

R1 

Wherein R1, R2, R3, are the same or different, and each is a 
hydrogen, a nitro, a cyano, a carbamoyl, a halogen, a 
per?uoroalkyl, a haloalkylamido, an isothiocyanate, an 
aZide, a diaZocarbonyl, a substituted oxirane, a [3-chloroet 
hylamine, or other de?ned and exempli?es substituents and 
R4 is a hydrogen, or an alkyl, With an acid of the formula: 

Wherein R6 has the meaning stated above, Wherein Z2 is a 
displaceable group and wherein R1 1 is subh that iCHRl If 
is iAl as stated above, With a thiol or amine of the formula: 

RfAgisn or RfAgiNnRlo 
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wherein R7 and A2 have the meanings stated above and R10 
is an alkyl. 

A suitable value for Z2 is, for example, a halogeno or 
sulphonyloxy group, for example the chloro, bromo, iodo, 
methanesulphonyloxy, or p-toluenesulphonyloxy group. The 
above-mentioned reaction is preferably carried out in an 
inert diluent or solvent, for example tetrahydrofuran, and in 
the presence of a base, for example sodium hydride. 

The epoxide used as starting material may be obtained by 
the epoxidation, for example With a per-acid, of the corre 
sponding unsaturated acylanilide. 
A third preferred process for the manufacture of an 

acylanilide of the invention Wherein R5 is hydroxy com 
prises the reaction of a compound of the formula: 

R1 

Wherein R1, R2, R3 and R4 and R6 have the meanings stated 
above, With an organometallic compound of the formula: 

Wherein A1, A2, R7, and X1 have the meanings stated above 
and M is a metal radical, for example the lithium radical. 

The last-mentioned reaction is preferably carried out in an 
inert solvent, for example diethyl ether or tetrahydrofuran, at 
a loW temperature, for example at betWeen —60° C. and 
—l00° C. 

Wherein R5 is a hydrogen, a hydroxy, an alkoxy, an acyloxy, 
an amino, an alkylamino, a halogen; R6 is a hydrogen, an 
alkyl, or a halogenoalkyl; Al and A2 is the same or different, 
each is direct link or alkylene; X1 is a halogen, an oxygen, 
a sulfur, a sulphinyl, a sulphonyl, an amino, an alkylimino, 
or an alkylene; and R7 is a hydrogen, a halogen, an alkoxy, 
a haloalkoxy, an acyloxy, a haloacyloxy, an aryloxy, a 
thioalkyl, a thioraryl, a sulphinyl, a haloalkyl sulphinyl, a 
sulphonyl, a haloalkylsulphonyl, an amino, an alkylimino, 
an alkylamido group, a haloalkylamido group, an isothio 
cyanate, an aZide, a diaZocarbonyl, a substituted oxirane, a 
[3-chloroethylamine, or a phenyl optionally substituted With 
a halogen, a nitro group, an alkyl, a haloalkyl, a cyano, a 

hydroxyl, a carboxylic group, an amino, an alkylamino, an 
alkylamido group, a haloalkylamido group, an isothiocyan 
ate, an aZide, a diaZocarbonyl, a substituted oxirane, a 
[3-chloroethylamine, or With a reactive derivative of said 
acid. 

A suitable reactive derivative of an acid is, for example, 
an acid anhydride, or an acyl halide, for example an acyl 
chloride, or a loWer alkyl ester of said acid, for example the 
methyl or ethyl ester. Preferably the reaction is carried out 
in N,N-dimethylacetamide solution using an acyl chloride 
(prepared from the acid and thionyl chloride) as reactant. 
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14 
A second preferred process for the manufacture of an 

acylanilide of the invention Wherein R5 is hydroxy and X l is 
sulphur or alkylimino comprises the reaction of an epoxide 
of the formula: 

Wherein R1, R2, R3 and R4 have the meanings stated above 
and Wherein Z 1 has the formula: 

An acylanilide of the invention Wherein R4 and R5 are 
joined together to form a carbonyloxy group, that is, an 
oxoZolidinedione, may be prepared by the reaction of an 
isocyanate of the formula: 

R2 NCO 

Wherein R1, R2, and R3 have the meanings stated above, With 
an ester of the formula: 

OH 

Wherein R6, R7, X1, Al and A2 have the meanings stated 
above, and Wherein R is alkyl of up to 6 carbon atoms, for 
example methyl or ethyl. This reaction is preferably carried 
out in an organic solvent, for example, diethyl ether, at 
laboratory temperature. 
An acylanilide of the invention Wherein R5 is hydroxy 

may be prepared by the hydrolysis of the corresponding 
acylanilide Wherein R5 is acyloxy, and an acylanilide of the 
invention Wherein R5 is hydroxy and R4 is hydrogen may be 
prepared by the hydrolysis of the corresponding oxaZo 
lidinedione, Which may be prepared as described in the 
preceding paragraph. 
An acylanilide of the invention Wherein R4 is alkyl may 

be prepared by the alkylation of the corresponding acyla 
nilide Wherein R4 is hydrogen. 
An acylanilide of the invention Wherein R5 is acyloxy 

may be prepared by the acylation of the corresponding 
acylanilide Wherein R5 is hydroxy. 
An oxaZolidinedione of the invention, Wherein R4 and R5 

are joined together to form a carbonyloxy group, may be 
prepared by the reaction of the corresponding acylanilide 
Wherein R4 is hydrogen and R5 is hydroxy With phosgene 
(COClz). 
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An acylanilide of the invention wherein X1 or X2 is 
sulphinyl or sulphonyl or Wherein one or more of R1, R2, and 

a substituent in the phenyl or heterocyclic group R7 is 
alkylsulphinyl, per?uoroalkylsulphinyl or phenylsulphinyl, 
or is alkylsulphonyl, per?uoroalkylsulphonyl or phenylsul 

16 
In another aspect of the present invention, compounds 

Which are agonists to the androgen receptor bind to and 
activate the androgen receptor. Acylanides having the for 
mula: 

phonyl, may be prepared by the oxidation of the correspond- R1 0 
ing acylanilide Wherein X1 or X2 is sulphur or Wherein one A A 

or more of R1, R2 and a substituent in the phenyl or 10 R2 / \ N l\Xl/ 2\R7 
heterocyclic group R7, is alkylthio, per?uoroalkylthio or _|_ | R R 

5 
phenylthio. The oxidizing agent and conditions used Will R3 R4 
determine Whether a sulphinyl or a sulphonyl compound is 
obtained. Thus, oxidation With sodium metaperiodate in h _ 

. . 15 W ere1n 

methanol solution at or below laboratory temperature vvill R1’ R2 and R3’ are the Same or different and are a 
generally convert a th1ocompound into the corresponding hydrogen a nitro a cyano a carbamoyl a halogen a 

sulphinyl Compound; and _oxida_tion_ With a per'acid’ for per?uoroalkyl, ahaloalkylamido, an isothiocyanate, an 
example m'chloroperbenzolc acld, 1n methylene Chlonde aZide, a diaZocarbonyl, a substituted oxirane, or a 
solution at or above laboratory temperature Will generally 20 [3_el1loroetl1ylamine; 
convert a thio compound into the corresponding sulphonyl R4 is a hydrogen, an alkyl, or is joined to R5; 
compound. R5 is a hydrogen, a hydroxy, an alkoxy, an acyloxy, an 

' 1k 1 ' h l ' ' ' d t R ' 

A racemic acylanilide of the invention Wherein R5 is R agnsi’yzlrloilgeg 2111111211111’; Oar‘ zglfill’ogzéiilolgllf O 4’ 
. . . . 6 s s a 

hydroxy may be Separated Into Its optlcal 150m?“ by form‘ 25 Al and A2 is the same or different, each is direct link or 
1ng an ester of the hydroxy group R5 W1th an opt1cally-act1ve alkylene; 
acid, for example (—)-camphanic acid, separating the dias- X1 is a halogen, an Oxygen, a sulfur, a sulphinyl, a 
tereoisomeric esters thus obtained, by fractional crystallisa- sulphonyl, an amino, an alkylimino, or an alkylene; and 
tion or, preferably, by ?ash-chromatography, and then R7 is a hydrogen, a halOgen, an alkoxy, a haloalkoxy, an 
hydrolyZing each separate ester to the alcohol. Alternatively, 30 acyloxy: a halOaCy1OXy> an arY1OXy>_a thloalkyl: a thlo' 
an optically active acylanilide of the invention may be rary 1’ a Sulphmyh a haloanfyl Sulphmylg a_sulphonyl’ a 
obtained by using any of the processes described above With halqalkylsulphonyl’ an ammo? an alkyhmmo,’ an ?l1ky' 
an Optically active Starting material lam1do group, a haloalkylamido group, an 1soth1ocy 

' anate, an aZide, a diaZocarbonyl, a substituted oxirane, 
As stated above, an acylanilide of the invention possesses 35 a [3-chloroethylamine, or a phenyl optionally substi 

antiandrogenic properties. An acylanilide of the invention ?lled With a halOgen, a niIrO group, an alkyl, 21 
may, therefore, be used in the treatment of malignant or halPalkyh a CyanO, a hydroxyl, a carbmfyhc group, an 
benign prostatic disease or of other androgen dependent ammo’ an _alkylammo’ an alkylamldo grollps a 
disease conditions, such as acne, hirsutism or seborrhoea, in galoalkyiamullo grolgptiglltl :isothlocyanate’ an ilzlde’ ta 
a patient, such as Warm-blooded vertebrates, including man. 40 lame?“ Ony ’ a Su S 1 e . oxlrane’ or a [3-6 Oroe _ 
It ma also be used to im rove ovulation in a domestic hylamme are useful as agomsts of the androgen recep 
animgll In addition the coglpounds may be radiolabeled tor and are, therefore, useful foravariety of therapeutic 

' ’ ' situations including male contraception and hormone 
Such radiolabeled ligands are useful for the detection of replacement therapy Compounds Shown below in 
prostate cancer by the imaging and staging of localiZed and Table 2 are especially desirable agonists of the andro 
metastatic prostate tumors. gen receptor. 

TABLE 2 

R-isorners S-isorners 

Compound Compound No. Compound No. 

P30 0 R-l S-l 

OZN g * Br 

HO Me 

P30 0 R-2 S-2 

NC g * Br 

HO Me 
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TABLE 2-continued 

R-isomers S-isomers 
Compound Compound No. Compound No. 

F3C O R-3 8-3 

># 

OZN N I 
H 

HO Me 

113C 0 R-4 S-4 

>F 

NC N l 
H 

HO Me 

F3C O R-5 S-5 

)8? NC—<; :>—N OH H 
HO Me 

F3C O O R-6 8-6 

M j \ NC—<; >—N S—< :>—N C1 H H 
HO Me 

EXAMPLES 
TABLE 3-continued 

Example 1 40 
Substituents R-isomers S-isomer 

(R)- and (S)-enantiomeric analogs of Casodex bearing R X No. K;,nM No. K;,nM 

af?nity labels such as 'isothiocyanates, c'hloroacetamides, 4_NHCOCH2Cl S R_6 L6 
bromoacetamides, or aZides Were synthesized. The synthe- 45 4.NHC0CH2BI s R_7 200 
sized compounds according to the formula: 4-NHCOCH2BI 502 R-3 100 

3-NCS S R-9 380 S9 2700 
3-NCS SO2 R-i0 90 

3-NHCOCH2C1 S R-ii 1100 
F3C O / I 3-NHCOCH2Br S R-12 250 

|—R 50 
># \ 

NC g X Analogs bearing an amine a?inity labels Were produced 
HO Me by the following procedure. (S)- or (R)-proline Was used as 

the chiral matrix for syntheses of (R)- and (S)-anilines (R-l, 
55 R-2, S-1, and 8-2 in Table 3) in Scheme 1 (shoWn beloW) as 

are shoWn in Table 3 beloW: the starting materials for preparation of the af?nity labels. 
This scheme is similar to the general synthetic route reported 

TABLE 3 by Tucker and Chesterson for (S)-Casodex, in Tucker et al., 
. . . “Resolution of the Non-steroidal Antiandrogen 4'-Cyano-3 

Substituents R-isomers S-isomer 60 _ 
[(4-?urophenyl)sulfonyl)] -2-hydroXy-2-methyl-3'-(tr1 

R X NO- Ki, HM NO- Kb 11M ?uromethyl)-propioanilide and Determination of the Abso 

4_NH2 5 R4 70 S4 830 lute Con?guration of the Active Enantiomer,” J. Med. 
3-NH2 S R—2 40 8-2 2300 Chem, 3lz885i887 (1988); Tucker et al., “Nonsteroidal 

1'52: S?) 53 428 8'3 74000 65 Antiandrogens. Synthesis and Structure-Activity Relation 
_ 2 _ . . . . . 

4_N3 s R_5 115 ships of 3-Substituted Derivatives of 2-Hydroxypropiona 

nilides,” J. Med. Chem, 31(5)954*959 (1988). 
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Schemel 

Synthesis ofAInino Analogs ofCasodex(with (S)—isomer as an example) 

N a N 
| —> 
H 

0 

Me 

NC 

d 
F3C <— HO 

e1 \ 6 

NC NH2 NC 
0 o 

># 

F3C N .,_ s F3C 

H HO TVle H HO M6 

S-l s-2 
a) rnethacryloyl chloride, aqueous acetone, 5... 100 C., Schotten-Baurnann conditions; b) N'BS,DM1: under argon, R. T.; c) HIBr 
(48%), re?ux, 15 h; d) SOCL2,DMA, -100 C., under argon; 5-arnino-2-cyanobenzotrifluoride, 48h;-e) 4-arninothiopphenol (or 
3-arninothiophenol), NaH, THI, R.T., 48h. 

Analogs bearing an isothiocyanate af?nity label were 40 yields (55*60%) using m-chloroperbenzoic acid in CH2Cl2 
produced by the procedure shown in Scheme 2. Synthesis of 
the isothiocyanates (R-3 and R-9) was carried out with 
excellent yields (87*99%) according to the procedure of 
Leclerc et al., “Agens Alpha-adrenergiques Alcoylants, 2,” 
Eur J. Med. Chem, 18(4) 379*383 (1983), (shown in 
Scheme 2) in a two-phase aqueous-CH2Cl2-system. The 
thioester isothiocyanates (R-3 and R-9) were oxidized to the 
corresponding sulfone analogs (R-4 and R-10) with good 

45 

solution according to Tucker et al., “Nonsteroidal Antian 
drogens. Synthesis and Structure-Activity Relationships of 
3-Substituted Derivatives of 2-Hydroxypropionanilides,” J. 
Med. Chem, 31(5)954*959 (1988). 

AZide R-5 was synthesized through diaZotiZation of the 
corresponding aniline R-1 followed by displacement of the 
diaZonium salt with sodium aZide. The yield of the reaction 
was 77%. 

Schemei 

Synthesis of (R)—isothiocyanate and AZide Analogs ofCasodex 

NC 

R-3 : para—, R-9 : meta 
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-continued 

R-4 : para—, R-lO : rneta 

NC NH2 

U c 
NC N3 

F30: : ‘ a’ 

a) CSCIZ, NaHCO; aq,H2Cl2, 2h, RT: b) rn-chloroperbenzoic acid, CHZCIZ, 3h, R.T.; c) AcOH, H2804, NaNO3, NaN; 

Chloroacetamides (R-6 and R-11) (yield 75*80%) and 30 lamine as the base avoided the undesirable reaction of 
bromoacetamides (R-7 and R-12) (yield about 95%) 
(Scheme 3) Were obtained according to Tindall’s procedure 
for synthesis of DHT-BA, described Chang et al., “A?inity 
Labeling of the Androgen Receptor in the Rat Prostate 
Cytosol With 17[3-[(Bromoacetyl)oxy]-50t-androstan-3-one, 
Biochemistry, 23z2527i2533 (1984). The use of sterically 
hindered N,N-diisopropylethylamine instead of triethy 

bromoacetamide With the amine and gave excellent yields 
for these reactions. Oxidation of R-7 by m-chloroperbenZoic 
acid in CH2Cl2-solution according to Tucker et al., “Non 
steroidal Antiandrogens. Synthesis and Structure-Activity 
Relationships of 3-Substituted Derivatives of 2-Hydrox 
ypropionanilides,” J. Med. Chem, 31(5)954*959 (1988) 
gave R-8 With excellent yield (82%). 

Schemel 

Synthesis of (R)—Chloroaceta.rnide and Brornoacetamide Analogs of Casodex 

NC / 

R-7 : para—, R-l2 : rneta 
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-continued 

NC 
/ 

ll F3C s \ 

O: 
R-8 :para 

a) chloroacctyl chloride (or bromoacetyl bromide), iPrZEtN, CHZCHZ, O0 C., 4h; b) m-chloroperbenzoic acid, CHZCIZ, 3h, R.T. 

Example 2 

Receptor binding studies for the compounds shown in 
Table 3 were conducted as follows. 

Milbolerone (MIB) is a synthetic androgen with high 
af?nity and high speci?city for the AR. 

Competitive displacement of 3H-MIB from AR binding 
sites by our compound was assessed as follow: 

1. AR were isolated from rat ventral prostate tissue by 
differential centrifugation. 

2. Samples of the following composition listed in Table 4 
were incubated at 40 C. for 18 hours. 

TABLE 4 

3H-MIB 1 11M 
Trialncinolone 1 11M 
TRIS buffer 10 mM 
AR protein 14.5 mg protein/ml, ?nal concentration 
Casodex analog 10’6 11M to 10 11M 

Non-speci?c binding was determined by including MIB 
(1 uM) in the above incubate. 

3. Bound 3H-MIB was separated by addition of a slurry of 
hydroxyapatite, and extracted from hydroxyapatite with 
ethanol. 

4. Bound 3H-MIB was counted using liquid scintillation 
spectrometry. 

DATA ANALYSIS 

Percent Speci?c Binding:(B/BO)><100 
B:speci?c binding of 3H-MIB in the presence of a 

particular concentration of compound of interest 
Bo:speci?c binding of 3H-MIB in the absence of the 

compound 

Data were computer ?tted to the equation: 

C 
Speci?cBinding: B0[1 — m] 

C:isomer concentration 

1C5O:1SOII1eI‘ concentration that reduces % speci?c bind 
ing by 50%. 
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Br 

Equilibrium dissociation constant of each isomer (K) was 
determined using the equation 

l 

KdIequil. dissociation constant of 3H-MIB 
L:concentration of 3H-MIB 
The results are shown in Table 3 above. 

AR binding studies of the compounds listed in Table 3 
showed that in all cases (R)-isomers had a higher AR 
binding affinity than (S)-isomers. This data is in agreement 
with the results found with Casodex enantiomers, Mukher 
jee et al., “Enantioselective Binding of Casodex to the 
Androgen Receptor,” Xenobiolics, 22:117*22 (1996), ((R 
isomers>>(S)-isomers). 

Oxidation of thioester compounds to sulfoxide derivatives 
(R-3 to R-4, R-7 to R-8, R-9 to R-10) enhanced the binding 
ability of the compounds. 

Comparison of the binding properties of the para- and the 
meta-substituted antiandrogens showed that substitution in 
the para-position gives better binding compounds. The most 
exciting example of this effect on substitution is compounds 
R-6 and R-11. Shifting the chloroacetamide substituent from 
the meta- to the para-position causes a dramatic (about three 
order of magnitude) increase in the Ki-value. Compounds 
R-4 and R-10, S-1 and S-2 show a less distinct effect. There 
is no difference in binding of compounds R-3 and R-9. 
However, compounds R-1 and R-2, S-3 and S-9 show the 
opposite dependence with the best binding ocuring with the 
meta-analog. 

Variation of binding af?nity in the series of para- and 
meta-substituted analogs is given below: 

Para-substituted: Chloroacetamide R-6>aZide R-5>amine 
R-1 >bromoacetamide 

R-7zisothiocyanate R-3. 
Meta-substituted: amine R-2>bromoacetamide 

R-12zisothiocyanate R-9>chloroacetamide R-11. 
Amino compounds bind to the AR better than bromoac 

etamides and isothiocyanates (R-1>R-7zR-3, R-2>R-12zR 
9) which have fairly close Kl. values. The chloroacetamide 
analog has the highest binding in the para-position (R-6) and 
binds very poorly to the AR in the meta-position (R-11). 
Compound R-6 was found to have the highest binding to 

the AR of any compounds. 
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Example 3 

A series of electrophilic nonsteroidal compounds Were 
designed and synthesized With the ability to irreversibly and 
permanently bind the AR, and thereby permanently inhibit 
the ability of testosterone (“T”) and dihydrotestosterone 
(“DHT”) to bind the androgen receptor. The ability of these 
compounds Was evaluated to: (A) compete for binding to the 
AR, and (B) to irreversibly bind the AR and permanently 
inhibit binding by other agents. The experimental methods 
and results of these studies are summarized beloW. 

A. ABILITY OF OUR COMPOUNDS TO COMPETE 
FOR AR BINDING 

Methods : 

The ability of the compounds Was evaluated to compete 
With mibolerone (MIB) for rat ventral prostate AR. MIB is 
a highly speci?c AR ligand Which demonstrates greater 
af?nity and speci?city for the AR than DHT, is not metabo 
lized like T and DHT, and is not light-sensitive as is the case 
for methyltrienolone (R1881), another commonly used AR 
radioligand. AR isolation Was performed as folloWs. Bilat 
eral orchiectomy Was performed on male, Sprague-DaWley 
rats using sterile surgical procedures. Animals Were alloWed 
24 hr for recovery and then Were anesthetized a second time 
for tissue procurement. Ventral prostates Were removed, 
Weighed, and immediately immersed in an ice-cold solution 
of phosphate buffered saline. Ventral prostates Were minced, 
homogenized, diluted in buffer, and then the tissue slurry 
Was centrifuged at 105,000 g for 1 h at 00 C. The supernatant 
(cytosol) fraction containing the AR Was decanted, stored at 
—800 C., and used as the AR source for binding studies. Our 
homogenization buffer consisted of 1.5 mM Na2EDTA, 0.5 
mM dithiothreitol, 0.25 M sucrose, 10 mM Na2MoO4, 1 mM 
phenylmethyl sulfonyl ?uoride (“PMSF”) in 10 mM TRIS, 
pH 7.4. Using this buffer, We isolated rat prostate AR and 
demonstrated that 3H-MIB binding in the preparation is 
comprised of about 90% speci?c binding to the AR and less 
than 10% to nonspeci?c binding sites. The ?rst step Was to 
determine the equilibrium dissociation constant (“Kd”) of 
3H-MIB in our AR preparation. Increasing concentrations of 
3H-MIB (10-11 to 10-8 M) Were incubated With AR at 40 C. 
for 18 hr, and then bound and unbound 3H-MIB separated 
using hydroxylapatite (“HAP”). Data Were analyzed using a 
modi?ed form of the Scatchard equation (i.e. B/F:(—1/Kd) 
B+BmwJKd, Where B is the concentration of radioligand 
(3H-MIB) in the incubate present as ligand-AR complex, F 
is the concentration of free 3H-MIB present in the incubate, 
and Bmax is the maximum concentration of radioligand 
Which can be bound in the incubate. A plot of (AR-bound 
3H-MIB/free 3H-MIB) versus (AR-bound 3H-MIB) Was 
constructed. The negative inverse of the slope of this plot 
yielded the value of Kd for MIB, 0.182 nM, in the AR 
preparation. The relative binding af?nity of each neWly 
synthesized compound Was then determined. Increasing 
concentrations (10-12 to 10-5 M) of each compound Were 
incubated With AR and a knoWn concentration of 3H-MIB 
(1.0 nM). Data Were plotted in terms of the speci?c binding 
(mean:S.D., n:3) expressed as a percent of control value 
(i.e., in the absence of competitor) on the ordinate versus the 
logarithm of the concentration of the competitor. The con 
centration of competitor required to inhibit speci?c binding 
by 50% (ICSO) Was determined by computer-?tting the 
experimental data to the Hill equation (NLIN procedure, 
SAS, SAS Institute, Cary, NC.) The K- for each compound 
Was calculated by the folloWing equation: Ki:IC5O/(1+[L]/ 
Kd), Where IC5O is the concentration of competitor Which 
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inhibits the binding of 3H-MIB by 50% [L] is the concen 
tration of 3H-MIB added (1.0 nM), and K d is the equilibrium 
dissociation constant for MIB (0.182 nM). The K- of the tWo 
endogenous compounds (i.e., T and DHT) Were also deter 
mined. 

Results: 
A number of af?nity labeled ligands and precursors Were 

synthesized, including S-nitro-thio-aniline (“S-NTA”), S-ni 
tro-thio-isothiocyanate (“S-NT-NCS”), S-nitro-thio chloro 
acetamide (“S-NT-CAA”), and R- and S-Bromo-CyanoA 
nilide (“R-CAD” and “S-CAD”, respectively). These 
analogs Were selected for early synthesis to demonstrate that 
the organic chemistry With various af?nity labels and pre 
cursors could be carried out. The chemical structures of 
these analogs and their AR binding a?inities in rat prostate 
AR are shoWn in FIG. 1. AR binding a?inities are reported 
in graphical form as log K- values. Smaller K- values indicate 
greater AR binding a?inity. R-isomers are presented as solid 
bars in the FIGS. 1 and 2; S-isomers as dotted bars, and 
racemic mixtures as bars With diagonal lines. 

Several previously synthesized compounds (i.e., Casodex 
and Thio-Casodex) are included for the sake of comparison. 
It is important to note that the AR binding af?nities of the 
ligands (i.e., S-NTA, S-NT-NCS, and S-NT-CAA) are close 
to that of S-Casodex, demonstrating that the incorporation of 
these functional groups into the compound did not signi? 
cantly interfere With AR binding ability. The K- values for T 
(1.09:0.2 nM, not pictured) Was in agreement With values 
previously published by other investigators, indicating the 
validity of our results. 

Synthesis Was completed of several R-isomers of poten 
tial irrversible AR ligands, including four isothiocyanate 
(“NCS”), three bromoacetamide (“BAA”), and tWo chloro 
acetamide (“CAA”) derivatives. Structures and Ki values for 
these para(p) and meta (m)-substituted derivatives are pre 
sented in FIG. 2. In all cases, Casodex derivatives (sulfones, 
denoted as S in FIG. 2) shoWed greater binding a?inities 
(i.e., loWer K- values) than their corresponding un-oxidized 
thioprecursors (denoted as T in the ?gure): p-S-NCS>p-T 
NCS, m-S-NCS>m T-NCS, and p-S-BAA>p-T-BAA. Of the 
isothiocyanate derivatives, the R-cyanotri?uoro sulfo-p 
isothiocyanate derivative (p-S-NCS) bound With greatest 
af?nity (Kl-:31 nM). The remaining isothiocyanates and the 
acetamides (bromo and chloro), With one notable exception, 
demonstrated Weaker interactions With the AR (i.e., K 
values close to or considerably greater than 100 nM). The 
R-cyano-tri?uoro-thio-p-chloroacetamide derivative (p-T 
CAA) bound the AR With extremely high af?nity (Kl- 3D:1 .6 
nM). These results demonstrate that We are able to develop 
a Wide variety of potential irreversible compounds, and 
maintain binding af?nities near the range of binding af?ni 
ties of knoWn antagonists for the AR. Thus, the aforemen 
tioned compounds (i.e., bromoacetamides, chloroaceta 
mides, and isothiocyanates) Were carried forWard to studies 
to examine their irreversibility. 

B. ABILITY OF OUR COMPOUNDS TO IRREVERS 
IBLY BIND THE AR. 

Methods: 
The proposed agents Were designed to irreversibly bind 

the AR. The ability of the compounds to do so Was examined 
using an AR exchange assay. Rat ventral prostate AR Was 
prepared as previously described and used as the receptor 
source. AR Was pre-incubated With reversible or potentially 
irreversible ligands (10 uM ?nal concentration) in separate 
experiments at 40 C. for up to 12 hours. Control experiments 
With no ligand Were performed to account for decreases in 
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binding due to AR degradation. Hydroxylapatite (“HAP”) 
Was added to the ligand-cytosol mixture and allowed to 
incubate for an additional 15 min. The HAP-AR complex 
Was centrifuged and then resuspended in ice cold homog 
eniZation bulfer. This procedure Was repeated tWice to 
ensure complete removal of reversibly bound ligands. The 
HAP-AR complex Was resuspended a ?nal time in bulfer 
containing 1 nM 3H-MIB. Separate tubes containing 5 uM 
unlabeled MIB Were used in all experiments to determine 
the extent of non-speci?c binding. Incubations were main 
tained at 40 C. for an additional 12 hr, and then speci?cally 
AR-bound 3H-MIB determined as described above. Revers 
ible ligands Will dissociate from the AR during Washing, and 
thus demonstrate near 100% recovery of exchangeable spe 
ci?c 3H-MIB binding sites as compared to controls. lrre 
versible AR binding by a ligand Will appear as a signi?cant 
decrease in exchangeable 3H-MIB binding sites. R-Casodex, 
a knoWn reversible antiandrogen, and tWo reversible aniline 
derivatives synthesiZed in our laboratories (T-aniline and 
m-T-aniline) Were included in the studies to demonstrate the 
validity of the experimental system. 

Results: 
AR exchange assays Were performed in order to assess the 

level of irreversible binding that Was occurring With the 
compounds. The results are presented in FIG. 3. R-Casodex, 
R-CyanoTri?uoro-Thio-p-aniline (“p-T-aniline”) and R-Cy 
anoTri?uoro-Thio-m-aniline (“m-T-aniline”) do not contain 
electrophilic groups and are, thus, incapable of irreversible 
binding to the AR. 
As expected, exchangeable speci?c binding for these 

compounds (as a % of control) Was near 100%. None of the 
bromoacetamide (“BAA”) derivatives tested caused a 
decrease in exchangeable speci?c binding of 3H-MIB. HoW 
ever, the para-substituted isothiocyanate (“p-T NCS” and 
“p-S-NCS”) and chloroacetamide (“p-T-CAA”) derivatives 
signi?cantly decreased exchangeable speci?c binding by 
3H-MIB. The para-isothiocyanate derivatives of thio Caso 
dex and Casodex (“p-T-NCS” and “p-S-NCS”, respectively 
in the FIG. 3) decreased exchangeable binding to 16 to 15% 
of control, respectively. Likewise, the parachloroacetamide 
derivative of thio-Casodex (“p-T-CAA”) decreased 
exchangeable speci?c binding to 25% of control values. 
These compounds, therefore, represent the ?rst irreversibly 
binding compounds for the AR. With the exception of the 
meta-isothiocyanate derivative of Casodex (“m-S-NCS”), 
the meta-substituted derivatives of these same compounds 
shoWed no such ability for irreversible binding to the AR, 
suggesting that the para-substituted af?nity ligands more 
favorably interact With a nucleophile in the ligand binding 
domain of the AR. 
As a ?nal point, it is important to note that the ability to 

irreversibly bind the AR Was not directly related to the AR 
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binding af?nity. The p-isothiocyanate derivative of Thio 
Casodex (“p-T-NCS”) shoWed Weaker binding af?nity (i.e., 
K5390 nM), but Was able to decrease exchangeable binding 
to the same extent as its corresponding sulfone derivative 
(“p-S-NCS”, K531 nM), supporting the contention that 
para-substituted isothiocyanate derivatives selectively seek 
out nucleophiles in the AR ligand binding domain. We also 
completed a preliminary experiment to examine time-de 
pendent AR inactivation by the para-isothiocyanate deriva 
tive of Casodex (“p S-NCS”, open circles) as compared to 
the reversible parent compound Casodex (closed circles) 
(FIG. 4). A loWer concentration of the individual ligands (2 
uM) Was incubated for various periods of time before 
treatment With HAP, and subsequent exchange With 1 nM 
3H-MIB. p-S NCS rapidly (i.e., Within 0.5 hr) decreased the 
number of exchangeable AR binding sites to 50% of that 
observed in control incubations With no ligand. Exchange 
able speci?c binding for Casodex Was near 100% of control 
at all time points. In summary, these studies indicate that 
three of the compounds (i.e., p-T-NCS, p-S-NCS, and p-T 
CAA) bind the AR irreversibly. 

Although the invention has been described in detail for 
the purpose of illustration, it is understood that such detail 
is solely for that purpose, and variations can be made therein 
by those skilled in the art Without departing from the spirit 
and scope of the invention Which is de?ned by the folloWing 
claims. 
What is claimed is: 
1. A compound having the structure of the formula: 

R3 

Where R1 and R3 are a hydrogen; 
R2 is a nitro; 
R4 is a hydrogen; 
R5 is a hydroxyl; 
R6 is an alkyl; 
A1 and A2 is the same or dilferent, each is a direct link 

or an alkylene; 
X1 is an oxygen; and 
R7 is a phenyl substituted With an alkylamido group or a 

haloalkylamido group. 
2. A composition comprising the compound of claim 1. 

* * * * * 


